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INTRODUCTION 
Future manned space travel involves many problems 
related to c!_Dsed ecological systems, One major problem 
is the provision of an adequate oxygen supply for the 
astronauts , 
The electrolysis of water has been offered as a method 
of supplying oxygen in a closed ecological system, How- 
ever, highly explosive hydrogen gas is produced by this 
method and the production of hydrogen gas raises many 
objections to its useo It is apparent that hydrogen gas 
must be converted into some non-explosive form in order 
for electrolysis to be considered as a source of oxygen, 
Research with large batch cultures (Gentry, 1966) and 
continuous cultures (Foster:, 1967; Schlegel and Lafferty, 
1965) of Hydrogenomonas eutropha indicated that hydrogen 
gas can be converted successfully into cellular material, 
Hydrogenomonas seemed to be the ideel micro- 
organism for these studies since it can utilize hydrogen 
gas 8s  its sole energy source for growth and reproduction, 
In addition, it can utilize carbon dioxide gas given off 
by the astronauts as its only source of carbonp thus 
eliminating another problem in closed ecological systems 
fojc future space flights, 
Futhermore, H, has been found to be rich in - 
protein (Canfield and Lechtman, 1964) which gives it. 
potential value as human food, HoweverB Waslien, Calloway, 
2 
and Margen (1969) found that feeding ruptured - H.
cells to human volunteers produced various gastrointestinal 
disturbances. 
Continuous culture systems for growing - H.
are important to closed ecological systems if prolonged 
space flights are to be possible, Among the problems 
which arise with these svs t ; -mc ;  :s the accumulation of 
overflow culttaxe. The iierrn o;/er?l-~w culture refers to that 
portion of the continut 7 7 -  m l ,  sys'r-ems which is dis- 
carded as new n u t r i e n t - ~ - .  a - * f  
Assuming that the c:t*i.i.i ' portion of the overflow 
culture can be convertcd i n t r -  Food, merit medium (the 
cell-free portion of the overflow culture) remains the 
major non-usable by-product oF the regenerative life 
support system. 
The spent medium will contain residual mineral salts, 
extracellular by-products from the organisms, (Brown, Cook, 
and Tischer; 1964) and water, 
As pointed out by Proctor (19651, great savings can 
be made in life support systems by the recovery and reuse 
of water, If seems feasible that enough water could be 
recovered from the overflow culture to provide fresh 
nutrients for the continuous culture, It could also be 
electrolyzed to supply oxygen, 
(1964) attemnted the electrolysis of water with the 
addition of - €I. autropha cells, but failed in their attempts 
because of high sodium chloride conceritrations, 
Canfield and Lechtman 
3 
T h i s  i n v e s t i g a t i o n  w a s  undertaken t o  show some of t h e  
e f f e c t s  of s p e n t  medium on t h e  a c t i v i t y  of r e s t i n g  cel ls  
of  H ,  Residual. minera l  sa l t s  and e x t r a c e l l u l a r  
by-products w i l l  i n c r e a s e  w i t h i n  l i m i t s ,  t h e r e f o r e  t h e  
e f f e c t s  of eoneentsated s p e n t  medium w e r e  inc luded  i n  t h i s  
s tudy  
- 
REVIEW OF THE LITERATURE 
Recent advances in space exploration have stimulated 
increasing interest in the hydrogen-utilizing micro- 
organisms, particularly in the genus These 
bacteria have been selected for possible use in bioregenera- 
tive l i f e ,  support systems because o f  their unique ability 
to utilize hydrogen gas as an energy source" As mentioned 
earlier, enomonas species are capable of utilizing 
hydrogen gas as their sole source of energy and carbon 
dioxi.de gas as their sole source of carbon, 
As early as 1839 de Saussure experimented with hydrogen- 
utilizing microorganisms, In searching for reasons for the 
low concentration of hydrogen gas in ottr atmosphere, de 
Saussure incubated soil cultures under conditions suitable 
for growth and demonstrated the disappearance of hydrogen 
and oxygen from the atmosphere, 
About the same time, Immendorff (1892) reported similar 
results in his experiments, He carried the research a step 
further by proving that the disappearance of hydrogen gas 
was due to physiological occurrenceso This was accomplished 
c 
by introducing chloroform into one set of culture vessels 
at the beginning of an experiment, Hydrogen and oxygen 
consumption was prevented in the treated vessel, However, 
the uptake of hydrogen and oxygen did occur in untreated 
CUI-tures 
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Kaserer was credited (1906) with the first isolation 
of a hydrogen-utilizing microorganism, He incubated a 
soil sample in mineral salts medium under an atmosphere of 
hydrogen, oxygen, and carbon dioxide, He isolated an 
organism which he called Bacillus 
smnnas __l___r_s : (Breed, Murray, and Smith, 1957) from 
this enriched medium, In his investigations he found that 
the organism could also grow heterotrophically usinq a 
variety of organic compounds as carbon sourcesI 
He also reported that the mechanism of hydrogen 
metabohism was unclearl He postulated that hydrogen gas 
was oxidized by carbon dioxide to a reduced organic com- 
pound 
Kiklewski (1906) is credited with the isolation of 
three new species of hydrogen-utilizing bacteria, 
omonas flava enomonas vitrea, and 
*m.yp__m- -?Qm-Wmt 
ngilis, Two of these organismp H. - vitsea and - H, P Y  flava 
were sensitive to high oxygen tensions, He found that the 
growth of these two organisms was inhibited whenever the 
partial pressures of oxygen exceeded 0,l atm, He also 
observed that all three organisms grew heterotrophically$ 
but when transferred to autotrophic medium, they had a 
reduced capacity to oxidize hydrogen, 
Another new species of hydrogen-utilizing bacteria, 
, was isolated by Bovell (1957). He 
found that the oxy-hydrogen reaction of this bacterium was 
not greatly affected by oxygen tension, Hydrogen oxidation 
6 
occurred with oxygen pressures ranging from 0,s to 0,6 atm, 
He also discovered that H, required ferrous iron 
in its growth medium in order to oxidize hydrogen, 
sp 
Repaske (1962) described the nutritional requirements 
for H, e He observed that nitrogen could be 
supplied and used in the form of ammonia, nitrate, and ureaa 
Optimum pH for growth was found to be from 6,4 to 6,7 and 
r__ 
the optimum temperature for the growth of - H, 
reported was 30° C, He obtained good growth with gas 
mixtures composed of 70% hydrogen, 20% oxygen and 10% 
carbon*dioxide. Howevero he found that the rate of growth 
was dependent upon the oxidation state and the coneentra- 
tion of iron present, Ferrous iron was found to be superior 
to ferric iron in supporting growth, 
Repaske's claim that - H, possesses a definite 
iron requirement was substantiated by Lechtman, Goldner, 
and Canfield (1964) , 
Ruhland (9922) shed new light on the mechanism of 
hydrogen gas utilization by demonstrating experimentally 
that oxygenl not carbon dioxide, was the primary acceptor 
of hydrogen, 
Kluyver and Manten (1942) conducted manometric experi- 
ments with resting cell suspensions of f lava * 
They found %hat hydrogen gas was oxidized only when the 
organisms were grown autotrophically, When grown hetero- 
trophically the resting cells failed to use hydrogen, but 
hydrogen was consumed when these resting ce l l s  were given 
7 
organic substrates under an atmosphere of air, In additiorq, 
Kluyver and Man%en reported that autotrophically grown 
cells o f  H, - fEava I_ were unable to oxidize hydrogen gas 
with carbon dioxide as the sole hydrogen acceptore How- 
e w r o  these cells very efficiently oxidized hydrogen in 
the presence of oxygen, Thus Kaserer's theory that carbon 
dioxide was seduced by hydrogen was refuted, Kluyver and 
Manten ~ ~ ~ ~ ~ u d ~ d  that hydrogen oxidation required a 
special. catalytic system which was independent of the 
catalysts active in normal respiration processesI They 
3 1 s ~  proclaimed that this system is present only when 
the organism is grown autotrophically, and that the 
ability to oxidize hydrogen is gradually lost by hetero- 
trophically-grown cells, 
The oxy-hydrogen reaction was not confined to the 
genus P_ HLdrsgenomonas as pointed out by Gest (l951), He 
conducted research with cell-free extracts of the photo- 
synth . s t i c  hseterium rubrum in which he 
observed the oxidation of hydrogen in the dark, 
Schatz and Bavell (1952) using manometric techniques 
showed that resting cells of a new hydrogen-utilizer, 
facilis, reduced nitrate to nitrite with - 
th-e subsequent oxidation of hydrogen to water, 
Schatz (1952) undertook an independent study of the 
uptake of carbon dioxide, hydrogen, and oxygen by resting 
cells of H, f ac i9 . i~ .  The gas mixture for this manometric 
study was composed of 89% hydrogen, 1% carbon dioxide, and 
r - - - 7 %  
8 
IC!% a i r ,  The au tho r  determined oxygen uptake  by a l k a l i n e  
pyroaallol a b s o r p t i o n ,  Carbon d iox ide  uptake w a s  deter- 
mined f r o m  HC03- by t i p p i n g  i n  an a c i d  s o l u t i o n  and 
i n s t a n t a n e o u s l y  h a l t i n g  m e t a b o l i s m .  Hydrogen w a s  deter- 
mined  d i r e c t l y  from the  manometer r ead ing  by m u l t i p l y i n g  
by t h e  f l a s k  c o n s t a n t ,  H e  used t h e  oxygen c o n s t a n t  K 
The i n v e s t i g a t o r  j u s t i f i e d  t h i s  by showing t h a t  t h e  
s o l u b i l i t y  of both oxygen and hydrogen ir. w a t e r  w e r e  very  
small and similar, 
02 * 
7,. 
a 3 0 °  = 0 , 0 2  
H 2  
T h i s  t e r m ,  a, i s  sometimes r e f e r r e d  t o  as t h e  "Bunsen 
. C o e f f i c i e n t "  and i s  expressed  as m l  of g a s  d i s s o l v e d  p e r  
r n l  of water, 
I n  h i s  i n v e s t i g a t i o n  Schatz  found t h a t  carbon d iox ide  
. f i x a t i o n  d i d  n o t  always occur .  
U l t ima te ly  he  determined t h a t  r e s t i n g  cells  of .m,z H, 
f ac i l i s  w e r e  unable  t o  u t i l i z e  t h e  energy de r ived  f r o m  
t h e  o x i d a t i o n  of hydrogen by n i t r a t e s  f o r  t h e  f i x a t i o n  of 
carbon d iox ide ,  
Wilson __I- e t  a l .  (1953) confirmed t b e  f i n d i n g s  of Kluyver 
and Manten t h a t  i n  non-propagating cells of I 
hydrogenase f u n c t i o n s  s imul taneous ly  w i t h  enzymes which 
b r i n g  about  t he  o x i d a t i o n  of o r g a n i c  s u b s t r a t e s ,  They 
c u l t u r e d  s t r a i n s  of L._ H ,  f ac i l i s  f r o m  a s i n g l e  organism 
a v t a t x o p h i c a l l y ,  h e t e r o t r o p h i c a l l y ,  and i n  t h e  presence  of 
9 
both hydrogen and the organic substrate lactate, Hetero- 
trophically grown cells did not oxidize hydrogen even 
though they were active on lactate, 
Rittenberg and Goodman (1969) reported on the mixo- 
trophic (ieeQ - -  combined autotrophic and heterotrophic sub- 
slrates) growth of Mixotrophic 
conditions were established by the addition of lactate 
( 4  to 8 umoles/ml) to cultures growing autotrophically in 
an atmosphere of hydrogen, oxygen, and carbon dioxide 
(6:2:110 They found that specific growth rates of mixo- 
trophic cultures were double that of autotrophic cultures, 
and that lactate disappearance paralleled growth, In 
addition, growth rates in mixotrophic cultures were signi- 
ficantly greater than those in heterotrophic cultures for 
equal lactate consumption, They concluded from these 
results that the enhanced growth w a s  due to the simul- 
taneous functioning of autotrophic and heterotrophic growth 
physiologies &, 
Atkinson and McFadden (1954) identified hydrogenase 
as the enzyme which activates molecular hydrogen, They 
stated that it is probably invol-ved in all biological 
processes which liberate or consume hydrogen, The authors 
wese particularly interested in the "Knallgas Reaction, I' 
or the reaction of hydrogen with oxygen which supplies 
energy for the reduction of carbon dioxide, 
Atkinson (1955a) using manometric techniques, studied 
the adaptive oxidation of organic substrates by resting 
10 
cells of H ,  facilis, He found that autotrophically grown 
cells of H ,  facilis not only failed to use glucose, but 
- 
also failed to adapt to it under air, However, cells which 
were harvested with little exposure to airc and were used 
immediately or stored in the cold, exhibited a typical 
adaptive pattern to glucose, This pattern consisted of 
a short lag period followed by a sharp increase in oxygen 
utilization in the presence of glucose, He concluded from 
this investigation that free glucose could not be formed 
in the autotrophic metabolism of m_) H, facilis, 
In another study, Atkinson (1955b) made an investiga- 
tion into the effects of inorganic nitrogen compounds on 
the hydrogenase activity of - H, faciliso He found ammonium 
chloride to be a suitable nitrogen source as it yielded a 
large increase in cells with a low cellular density, How- 
ever, nitrate in a concentration of 0,03 to 0,05 M decreased 
the hydrogenase activity of autotrophically- and heteso- 
trophically-grown cells, Autotrophic growth was further 
repressed at lower nitrate levels, The best growth on 
nitrate was obtained at a level of 0,003 M, while highest 
total. hydrogenase activity was found either a t  this con- 
centration or at 0,Ol M, Thus, Atkinson concluded that 
nitrate was reduced to a strongly inhibitory compound, 
This compound is an intermediate in the conversion of 
nitrate to either an amino acid or to a side product, 
11 
Repaske (1962) reported that a 0.019 M concentration 
-f ammonium chloride was the optimum for  growth of H, 
_E 
Atkinson (1956) continued his research with the hydro- 
rJenase activity of hydrogen-utilizing microorganisms, He 
found that cyanide at a concentration of 2 x lo'* M failed 
to inhihit the? oxy-hydrogen reaction in intact cells of H, 
facilis but the reaction was inhibited by cyanide at a 
concentration of 8 x M, 
- 
--y_I_ I_i___ 
A t  a constant p a r t i a l  pressure of hydrogen and constant 
Levels of cvanide ,  gas uptake by cells of N, facilis was 
inhibited as the partial pressure of oxygen was increased, 
Y 
Yoreover, he observed that aandes a hydrogen-oxygen atmas- 
phere the rate of hydrogen uptake was almost independent of 
3. cyanide cogcentration above 8 x loe4 M. The rate of 
hydrocpn uptake was completely independent of the hydrogen 
concentration and the time o f  preincubation with cyanide, 
The deqree OF inhibition was almost exclusively dependent 
upon the oxygen concentration, 
Atkinson concluded from his research that hydrogenase 
forms an inactive compound or complex with oxygenB and that 
the compciarad is decomposed by a cyanide-sensitive enzyme, 
Pnrthexmore I he assumed that the enzyme accumulated to 
de%eckabie levels only in the presence of cyanide, 
Wi teenberger (1960) studied hydrogen oxidation and the 
e l e c t r c ~  transport system with an unidentified species of 
eutropha, Both of Hydsogemmzsnas and with 
=_____cI____1 n--i"ummnen- L %*- 
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these organisms were insensitive to high partial pressures 
of oxygen, Witteaberger obtained good growth with a gas 
mixture containing 70% hydrogen, 20% oxygen, and 10% carbon 
dioxide, Moreover, both organisms oxidized hydrogen with 
the subsequent reduction of methylene blue, He also 
reported that cell free extracts of both organisms contain 
a flavin and a cytochrome of the "C" type that were reduced 
under iLn atmosphere of hydrogen and reoxidized under 
vigorous aerobic conditions, The oxidation of cytxchrome 
"C" suggests the presence o€ a cytochrome oxidasec but. this 
au thor  stated that he could not substantiate this specula- 
tion, 
Wittenberger (1960) continued his investigation with 
the hydrogenases of an unidentified species of "'. 
He found that H. eut. 
-asl__ 
monas and with H, 
produced a soluble hydrogenase, but it was associated with 
=-3s - - 
subcelbiJlar particles in -A Sydroyenomonas i L L Z  species In 
addition, he reported that cell-free extracts of - H, y_Dnsl_ er%tro&hha L m C -  
catalyze the reduction of diphosphopyridine nuclecptide ( D P N )  
in the presence of hydrogen, but not the reduction of tri- 
phosphopyridine nucleotide ( T P N ) ,  Both resting cells and 
cell-free extracts of several Hydrogenomonas species were 
inactive with DPN or T P N ,  Furthermore, he found that the 
reduction of DPN by cell-free extracts of H, 
required the mediation of one or more unidentified compounds 
in addition to hydrogenase. Wittenberger surmised from his 
- 
research t.hat a metal or metal-enzyme wzs required for DPN 
reduction along with the hydrogenase I 
Repaske and Lizotte (1965) examined crude extracts of 
a for pyridine nucleotide coenzyme 
Q reductase activity, They found that these extracts con- 
tained menadione reductase that was specific for nicotin- 
amide adenine dinucleotide (DPN), 
Kuehn and McFadden (1968) were interested in the fate 
of ribulose-diphosphate carboxylase (RDPC) in facultative 
organisms growing heterotrophically, Other laboratories 
established tha-t this enzyme catalyzed the primary fixation 
of carbon dioxide in autotrophic organismse These workers 
found t.hat fructose-grown cells of H, facilis and H, eut ra -  
e retained high levels of RDPC only when the following 
- - =I.- 
conditions were met: low aeration, the addition of FeC13 
to the fructose medium, an.d cell harvest at or prior to 
the middle of the exponential phase of growth, 
Cohen and Burris (1955) found that the addition of 
trace elements greatly reduced the generation time for - H, 
faeilis from 15,4 to 7,5 hours, They also reported one of 
the first large batch culture methods for growing Hy .=1- 
omonaso The culture apparatus consisted of a ten-liter 
bottle containing eight liters of culture. This culture 
.&%?m- 
wibs vigorously aerated by a recirculating gas system, 
These authors obtained cellular yields up to 15 grams of 
cells for eight liters of medium in 16-18 hours. 
Wittenberger and Repaske (1961) designed a mass-culture 
'apparatus similar to the Cohen and Burris design in which 
14 
H, were grown in nine-lites quantities, The gas 
mixtures composed of 7 0 %  hydrogen, 20% oxygenl and 10% 
carbon dioxide, was constantly bubbled through the medium. 
With a one percent inoculum, shake conditions, and 20-24 
hours of incubation, they reported a cellular yield of 2,4- 
3,O grams wet weight per liter of culture medium, 
- 
Foster and Litchfield (1964) initiated research on 
continuous cultures of H, Their cul-ture assemblyv 
which followed the basic design of Ellsworth, Herbert, and 
Telling (1956), was fitted with sensors which monitored 
the artificial environment, Any deficiency in the 
environment was immediately relieved as the appropriate 
sensor signaled for the addition of a needed material, 
- 
Ammann, Reed, and Dtasichek (1968) conducted a feasi- 
bility study on the usefulness of Hydrogenomonas eutropha - -- 
as a component of a regenerative life support system for 
manned space flights, Their results indicated that such a 
life-support system would require 60 liters of actively 
growing culture to balance the gas exchange for one mane 
A more detailed investigation revealed that the system 
demanded 18.7k1.2 liters of fresh medium every 2 4  hours to 
maintain a constant predetermined eel1 population. 
MATERIALS AND METHODS 
C u l t u r e  - 
The c u l t u r e  used i n  t h i s  s tudy  w a s  ob ta ined  from D r ,  
David Wilson Cook1, The c u l t u r e  has s i n c e  been main ta ined  
i n  a mine ra l  sa l t s  medium under an atmosphere of hydrogen, 
oxygenl and carbon d iox ide ,  
C u l t u r e  Media 
____D_i 
The mine ra l  s a l t s  medium used i n  t h i s  s tudy  i s  a modi- 
f i c a t i o n  of t h a t  d e s c r i b e d  by Repaske (1962), Stock 
s o l u t i o n s  were prepared  as fol lowsz 
The fo l lowing  
sa l t s  w e ~ e  d i s s o l v e d  i n  about  80 mT of d i s t i l l e d  
water2 i n  a vo lumet r i c  f l a s k ,  The volume w a s  
a d j u s t e d  t o  1 0 0  m l  and t h e  s o l u t i o n  w a s  auto-  
claved at 312l.O C for 15 min a t  15 psi, 
Na2HPObo  .21,690 g 
K H 2 P 0 4  a 'p, ,13,260 $4 
D i s t i l l e d  w a t e r ,  *, e 100 ml 
When t h i s  s o l u t i o n  w a s  d i l u t e d  1 ~ 1 0 0  m l  w i t h  
d i s t i l l e d  water, it y i e l d e d  a b u f f e r  concen- 
t r a t i o n  of 0,.025 M phosphate a t  pH 7,0, 
'Present  l o c a t i o n :  Gulf Coast Research L a b o r a t o r i e s  I 
2 D i s t i l l e d  w a t e r  w a s  produced us ing  a Barnstead Model 
EL-2 still. and s t o r e d  i n  po lye thy lene  carboys u n t i l  used, 
The water con ta ined  2,5 mg/B total solids r e p o r t e d  as N a C k ,  
Ocean Spr ings ,  M i s s i s s i p p i ,  
16 
Solution B: Ferrous Iron, Approximately 100 ml 
of distilled water were acidified with 1 N H2S04 
to a pH of 2,5 to 3,O. The ferrous ammonium 
sulfate was then dissolved in about 80 ml of 
this acid water and the solution was diluted 
to 100 ml with the acidified water in a volumetric 
flask, 
Fe(NH4)2(S04)2'6Hz0e , e e e 0.1104 g 
Acidified Distilled Water, 9, .lo0 ml 
Solution C: The following salts were dissolved 
in the order listed in about 80 ml of distilled 
water which had the pH adjusted to 6,8 with 1 N 
NaOH, The solution was diluted to 100 ml in a 
volumetric flask and then autoclaved at 121O C 
for 15 min at 15 psi, 
NH4C1e o e e e e u a 1OeO g 
CaC12"2H20 e e e e .l,O g 
NaCl e e a e .le0 g 
MgS04'7H20 8 o o e 8 .1uO g 
Solution D: Microelements, The following salts 
were dissolved in about 800 ml of distilled water 
and diluted to one liter, 
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CoC12"6H20, .0,2 mg 
MnC12"4H20, rr , + .400,0 mg 
CuSo4"5H20, li - .2,0 mg 
NaMo04"2H20 + , 10,O mg 
ZnS04Q7H20, 10,O mg 
This solution was autoclaved at 121O C for 15 min 
at 15 psi, 
The mineral salts medium was prepared by aseptically 
adding one ml of each of the sterile stock solutions to 
96,O ml of sterile distilled water with thorough mixing 
after each addition, Where larger volumes of culture were 
required, the amount of water was adjusted to correct for 
loss due to autoclave sterilization and for added stock 
solutions, 
Mineral salts agar was prepared by adding 1,75 g of 
Bacto agar (Difco) per liter (final volume) of distilled 
water, The agar solution was autoclaved for 15 min at 
121O C at 15 psi, Stock solutions were then aseptically 
added as previously described, The medium was dispensed 
as desired into sterile containers and allowed to harden, 
Chemicals 
A I 1  inorganic chemicals used in these investigations 
were of "Analytical Grade , " 
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cas Yixa-a.Jres 
s m  --7 *..,- ~A 
P 2 ? .  gases used i n  this i n v e s t i g a t i o n  were of comer- 
cia!_ grade  ?t.rrity, a 
~ k e  gas mixture vse4 as t h e  growth s u b s t r a t e  w a s  corn- 
posed ef 66% h y d s r ~ g e ? ~  22% oxygep?, and 7.1% carbon dioui-de. 2 
T h i s  mix ture  w a s  prepare6 in a type G - 1  oxygen t ank  which 
was equipped w i t h  a pressure-vacuum gauge and a cutoff 
valve, The tank WAS evacuated and  t h e  appropriate amaunt 
of each 23s added to o h t a i n  t h e  desired mixture ,  
The gas mixture employed in manometric s t u d i e s  was 
prepared. as b e f o r e ,  i n  t h e  following percentages:  
Nit.rogen, 80,0% 
E-Eydrogen. G [ .’ - j: ’2 1383% 
Oxygen, e ,4,4% 
Carbon Dioxide-  I .2,2% 
With %=his gas m i x t u r e  and t h e  a p p r o p r i a t e  Pardee b u f f e r  
(described i n  t h e  Manometric Stt idies section) cr t h e  6: 2: J. 
E__(- _m_lye__y____B 
k W k i C 2  Qf hydrQCJe3 8-,G xygen t o  carbon d iox ide  cou1.d be 
The organism used in this s tudy  was grown auf-otropbi- 
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fitted with rubber stoppers containing a catton-plugged 
gas filter (Figure 1) , 
Large- batch cultures were grown in twenty-Liter car- 
boys in ten-liter quantities, 
All liquid cultures were incubated on a New Brunswick 
rotatory shaker at 180 rpm at 30' C for 18-20 hours with 
continuous gassing, 
The authsr is aware that the growth chamber described 
here does not account for some of the charges which might 
occur in the gas mixture duriEg growth, Thus the true 
ratio of gases is unknown after incubation has started, 
Inoculum 
w_ 
Cells used as.inoculrim were grown in 250 ml Erlenmeyer 
flasks containing 100 ml of mineral salts medium, For the 
large batch culturesI inoculum was grown in two-liter 
Erlenmeyer flasks containing one-liter of mineral salts 
medium, 
The inoculum was checked for purity by streaking on 
nutrient agar plates and observing the colonial morphology 
of colonies which developed, The Gram reaction was observ- 
ed by staining with the Gram stain. Cellular morphology 
was observed on simple stains of the cultures, The presence 
of short, Gram-negative rods constituted a pure culture, 
All cultures were checked for contamination immediately 
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after incubation, The stains were made in accordance with 
t h e  Society of American Bacteriologist's Manual of Micro- -- 
Methods (1957) I, 
All optical density (O,Dc) measurements in this study 
were obtained using a Bausch and Lomb Spectronic 20 
Colorimeter, Unless otherwise stated, a wavelength of 
655 mu was used, 
The cultures used in this investigation were grown at 
30 * 2 O  c ,  
E 
All pH measurements were carried out with a Beckman 
Zeromatic I1 pH meter using a combination electrode at 
ambient room temperature, 
Dry weight determinations were made by filtering 50 ml 
aliquots of five different cell suspensions with known 
optical densities through tared Millipore filter discs of 
O C 4 5  u porosity, The filters were washed with five ml of 
distilled waterB dried at 105" C for three hoursp cooled to 
room temperature in a desiccator, and weighed on an amaly- 
tical balance, A standard curve (Figure 2) was constructed 
2 %  
from t h e s e  d a t a  (Table I):$ 
Harvest and P r ~ a r a t i o n  of Cells f o r  Manometxic S t u d i e s  --- .. -&& --- 
C e l l s  from a l i q u i d  c u l t u s e  were c e n t r i f u g e d  a t  1 0 , 0 0 0  
rpm f o r  t e n  min i n  a r e f r i g e r a t e d  c e n t r i f u g e  and washed 
t h r e e  t i m e s  in physiol  agicel. s a l i n e  e The washed eeLls w e r e  
then  resuspended so t ha t ,  a 1:10 d i l u t i o n  gave an O , D ,  
r ead ing  of 0,5 a% 655 mu, 
The eulture was grown in t e n - l i t e s  q u a n % i t i e s  as 
desc r ibed  p rev ious ly ,  The cells w e r e  removed w i t h  a 
Shpxples Super Centrifuge at. 20,000 rpm, The spent: medium 
w a s  t hen  f i l t e r e d  through a membrane f i l t e r  of 0,45 11 
p o r o s i t y  and immediately concen t r a t ed  l z L 6  as desc r ibed  
belQW, 
Concent ra t ion  o*ernt M e d i u m  
i P_y_m_ 
Concentrat ion sf t h e  s p e n t  medium was accomplished 
with a contfnusus-f l o w  Buchler F l a s h  Evapora tor ,  The temp- 
e r a t u r e  of t h e  w a t s r  ba th  w a s  set  a t  62O C,  The flow ra te  
of spen t  medium i n t o  t h e  evaporatin.g f l a s k  w a s  a d j u s t e d  so 
t h a t  appmximately 600 ml w e r e  Concentrated p e r  hour ,  
A f t e r  %he d e s i r e d  volume w a s  ob ta ined ,  t h e  concen t r a t -  
ed  s p e n t  medim w a s  p r e - f i l t e r e d  through coa r se  f i l t e r  
paper  t o  remove t h e  p r e c i p i t a t e d  salts, The elements  of 
t i m e  and expense prevented t h e  q u m t i t a t i v e  or  q u a l i t a t i v e  
2 2  
analys is  of these 
discarded, Next, 
precipitated salts, therefore they were 
the concentrated spent medium was 
aseptically filtered through a membrane filter of 0,45 u 
porosity and aseptically transferred to a sterile container* 
It was then stored at S o  C until needed, 
Remsval o f  the precipitated salts altered the medium 
such that the quantities of the different salts were 
unknowno 
Concentration of-Mineral Salts Medium 
~ ~~~ ~ ~~ 
Normal mineral salts medium was prepared in sufficient 
quantities as before, Concentration was accomplished as 
described for spent medium, 
Psenaration of Fractions from Concentrated Sgent Medium 
~ ~ -~~ __ - 
Three portions of the concentrated spent medium were 
ad jus t ed  to pH 5 ,  7 ,  and 9 respectively, Each was then 
distil.bed to approximately 1/2 volume in a Buchler Flash 
Evaporator using a two-liter evaporation flask and a two- 
liter condensing flask, Two fractions, a distillate and a 
residues for each of the three samples were collected, 
After distillation, the pH of each fraction was readjusted 
to pH 7 ,0 ,  The fractions were stored in 6-02 prescription 
bottles at 5' C until needed, 
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ion of Fractions from Concentrated Mineral 
P 
Salts Medium 
Fractions from concentrated mineral salts medium were 
obtained in a manner similar to that for concentrated 
spent medium. 
Salt Concentration 
The salt concentration of samples tested in this in- 
vestigation w a s  determined as total solids. A known 
volume of each samp-le was evaporated to dryness at 105" C 
in a tared crucible, cooled in a desiccator to room temp- 
erature, and weighed with an analytical balance to con- 
stant weight, The weights were expressed in mg/ml, 
Yanomettic Studies 
Manometric studies for this investigation were carried. 
out in accordance with those procedures described by 
Umbreit, Burris, and Stauffer (1964). Special emphasis 
was given to the manometric methods of Pardee (Umbreit, 
Burris, and Stauffer, 1964) whereby hydrogen-oxygen uptake 
was measured in the presence of carbon dioxide, Pardee's 
"C02-buffer" was used to maintain 2% carbon dioxide in the 
reaction vessels, This buffer was prepared with the 
following: 
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Diethanolamine- _I a' 60 rnl 
Thiourea, 150 mg 
KHC03 5 a tr o *I c o , 3 0  g 
6 N HCl e . 3 5  ml 
Distilled water e .55 ml 
The thiourea and potassium bicarbonate were dissolved 
separately in the diethanolamine, Distilled water and 6 N 
HC1 were added next, The solution w a s  stored over-night 
before usee It is capable.sf maintaining a virtually con- 
stant pressure of C02 in the gas phase by binding carbon 
dioxide reversibly as represented by the following equation: 
NH (CH2CH20H) + C02 + H20 HC03- + +NH2 (CH2CH20H) 
Any carbon dioxide taken up by the cells is replaced by the 
reaction proceeding from right to left, The reference for 
this method contained no details concerning the precision 
with which the C02 atmosphere could be maintained, 
Aka Warburg investigations were conducted at 30° C in 
either single or double side arm flasks containing a total 
liquid volume of 3,2 ml, These investigations employed a 
Precision Scientific l8-place Warburg Apparatus. 
All ground glass joints were sealed with Dow Corning 
high vacuum silicone stopcock grease. 
The center wells of blank or control flasks contained 
0,6 ml of PardeeOs buffer, The main body of blank flasks 
contained 1 , 3  m!, of 0,lS M phosphate buffer at pH 7 , 0 ,  0,4 ml 
of the cell suspensions and 0,9 ml of distilled water, 
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Other flasks conta.ined 0,6 ml of Pardee’s buffer in the 
center well, 1,3 mJ. of 0,15 M phosphate buffer at pH 7,0, 
0 , 4  ml of the cell suspension, 0,6 ml of the test material, 
and 0 , 3  ml of distilled water, 
The flasks were placed on the manometer and flushed 
with the gas Eixturea The flasks were then transferred to 
the water bath and a brief period of equilibration allowed, 
Readings were taken at 10 min intervals for 60 min. 
The results were expressed either in graphic form or as 
Q (H2”02”C02’ (dry weight); This represents the ul of 
(H,.,-O., 1 
L L  
hydrogen-oxygen consumed in an atmosphere of hydrogen- 
oxygen-earhon dioxide per mg of dry weight of cells per 
hour e 
Warburg data from these experiments were analyzed 
using an IBM 360 computer and a computer program designed 
to carry out the necessary calculations. 
The data were analyzed for linear regression resulting 
in an equation for each line: 
ea 
Y = bl + b2X 
Where appropriate, the homogeneity of regression coeffi- 
cients between two regressions was tested, For this, a 9.9 t
value was calculated from the following formula and tested 
at the 0,05 and 0,Ol level of probability: 
t = =  bl - b2 . 
_D 
*bl - ba 
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Homogeneity of regression coefficients indicates that +he 
two linea have the same slope but n o t  t h a t  they are the 
same line (Steel and Torrie, 19601, 
EXPERIMEJWAL RESULTS AND DISCUSSION 
P r  
__= 
Pre l iminary  manometric s t u d i e s  w e r e  conducted i n  o r d e r  
t o  determine some of t h e  e f f e c t s  of s p e n t  m e d i u m  on r e s t i n g  
ce l l  suspens ions  of E r o g e n o m o n a s  P _eutropha - and t o  develop 
exper imenta l  t echniques  f o r  use  i n  f u t u r e  experiments ,  
The c u l t u r e s  used i n  t h i s  p r o j e c t  w e r e  grown a u t o t r o -  
p h i c a l l y .  The term " r e s t i n g "  cells used i n , t h i s  manuscr ipt  
aeno te s  cells  which have been washed free o f - a n y  e x t r a -  
c e l l u l a r  n i t r o g e n  source ,  The au tho r  r e a l i z e s  t h a t  t h e  t es t  
materials used i n  t h i s  p r o j e c t  con ta ined  n i t r o g e n  i n  s m a l l  
amountso These materials w e r e  used i n  s m a l l  q u a n t i t i e s  
(0,6 m l / f l a s k )  and t h e  experiments  w e r e  condracted'over short  
t i m e  p e r i o d s  (60 xnin), Therefore, t h e  growth of - H, 
cells which may have taken  p l a c e  due t o  t h i s  added n i t r o g e n  
w a s  neg lec t ed ,  
C e l l  suspens ions  which w e r e  n o t  g iven  t h e  t e s t  materials 
(hereafter referred to as blank samples) and cel l  suspen- 
s i o n s  which were given t h e  tes t  materials (hereafter 
r e f e r r e d  t o  as exper imenta l  samples) w e r e  run  i n  t r i p l i c a t e ,  
The  data w e r e  averaged and corrected f o r  gas  c o n t r o l s  and 
endogenous r e s p i r a t i o n ,  Endogenous r e s p i r a t i o n  w a s  deter- 
mined f r o m  blank samples i n  an  a i r  atmosphere, 
The Ef fec t s  of Mineral  S a l t s  Medium 
N o r m a l  m ine ra l  s a l t s  medium w a s  used as t h e  t e s t  sub- 
s t ra te  i n  t h e  f i r s t  series of experiments ,  t h e  results of 
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vhich are showrr i n s .  FiT-jure 3 ,  The raqression coefficient 
fer b l a n k  cells (line No, 1) was 7 , 4 ? ,  Cells which were 
given the minerad salts medium had s regression coefficient 
of 6,72 (line No, 21, A larqer regression coefficient by 
the lahank ceJPs indicates that these cells consumed the 
qas mixture at a faster rate than the cells which were 
qiven mineral salts medium, 
Table 2 shows the results o f  the t test in which the - 
regression lines in Figure 3 were examined for  difference, 
The calculated t value 8,767 is seen to be significant at 
the 0,Ol level rsf probability when compared to a tabular 
t of 3,355, This means that the regression coefficients 
os the slopes of the Sines pictured in Figure 3 a r e  statis- 
tically different, Thus, the mineral salts medium appears 




It is noted that the Lines in Figure 3 intercept the y 
axis at different points, However, these l i n e s  converge, 
cross, and diverge which indicates that as time increases, 
the l i n e s  become farther apart ,  Therefore, the data indi- 
cate that under the conditions of this experiment the 
blank sarnples consume the gas mixture more efficiently than 
the cells given mineral s d t s  medium, 
It should be noted that a statistical difference 
between any regression lines does n t necessarily indicate 
if practical difference, 
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The Effects of Concentrated Mineral Salts Medium 
U_Ya. 
'Jet1 suspensions were exposed to concentrated mineral 
salts medium and their activity was measured in terms of 
hydrogen-oxygen gas consumption as seen in Figure 4 .  Blank 
samples (line No. 1) with the larger regression coefficient 
of 6,30 as compared with 5-68 for line No, 2 ,  seemed to be 
more active than the cells tested with concentrated 
mineral salts medium. These regression coefficients 
appear to be statistically different in Table 2.  The cal- 
culated t value of 10,065 was significant at the 0,Ol 
level of probability. 
- 
The results of these experiments indicate that t h e  
rate of gas consumption by cell suspensions of H. 
is reduced in concentrated mineral salts medium. 
- 
The Effects of Spent Mineral Salts Medium 
Cell suspensions of I H. eutropha were also subjected to 
treatment with spent medium, Figure 5 shows the results o f  
these experiments. Blank cells (line No. 1) consumed more 
of t h e  hydrogen-oxygen gas.mixture than cells exposed to 
spent medium (line No. 2 ) .  The difference between these 
two regression coefficients is statistically significant 
at: the 0.01 level of probability by the - t test as seen in 
Tzrble 2, row 3 .  
It is jnteresting to note that the regression coeffi- 
cients (Table 2) of the blank and experimental samples jn 
mineral salts medium are nearly I 1 / 2  times greater than 
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i n  s p e n t  medium, 
is  on ly  1/2 as g r e a t  as bl-b2 f o r  normal minera l  sa l ts  
medium, 
Even so; t h e  va lue  bi-b2 for  s p e n t  medium 
The larger va lue  of bl-b2 for  s p e n t  medium i n d i c a t e s  
t h a t  ei ther t h e  e x t r a c e l l u l a r  products  of H, 
are non-toxic t o  new cells or t h a t  any t o x i c  products  pre- 
- 
s e n t  are i n  very l o w  c o n c e n t r a t i o n s ,  The a b i l i t y  of  cel ls  
given s p e n t  medium t o  u t i l i z e  t h e  hydrogen-oxygen gas 
mixture  does n o t  appear  t o  be i n h i b i t e d  when compared 
wi th  cells treated wi th  normal mine ra l  s a l t s  medium, Thus, 
it can be stated t h a t  any t o x i c  compounds i n  s p e n t  medium 
are too d i l u t e  t o  affect  t h e  a c t i v i t y  of  _c H, 
The i n v e s t i g a t i o n s  w e r e  broadened t o  inc lude  concen- 
t r a t e d  s p e n t  med ium,  The f i r s t  experiment w i t h  concen- 
t r a t ed  s p e n t  m e d i u m  w a s  d i r e c t e d  toward s o l v i n g  the  
t o x i c i t y  ques t ion ,  Manometric-procedures were employed 
us ing  an a i r  atmosphere, Readings w e r e  t aken  a t  10 min 
i n t e r v a l s  and the  111 of oxygen consumed and carbon d iox ide  
produced w e r e  c a l c u l a t e d ,  The gas exchange data for  t h i s  
experiment are shown i n  Table 3 and Table 4 ,  
Table 3 shows t h a t  endogenous oxygen consumption for  
r e s t i n g  cells of H, i n  an a i r  atmosphere i s  ve ry  - 
l o w ,  Resp i r a t ion  by r e s t i n g  cells g iven  concen t r a t ed  
s p e n t  medium w a s  observed to be s imilar  t o  t h e  endogenous 
r e s p i r a t i o n  in d i r e c t i o n  and magnitude, The data i n  Table 
4 show t h a t  carbon d i o x i d e  p roduc t ion  for endogenous cells  
and cells g iven  concen t r a t ed  s p e n t  medium resembles t h e  
r e s u l t s  i n  Table 3 ,  
I n  both t h e  uptake of  oxygen and t h e  product ion  of 
carbon d i o x i d e ,  t h e  organism f a i l e d  t o  show any s i g n s  of  
i o n  i n  r e s p i r a t i o n ,  The re fo re )  it may be stated 
t h a t  concen t r a t ed  s p e n t  medium does n o t  c o n t a i n  materials 
w h i c h  are t o x i c  $0 new cells of II, - 
The data from these experiments  also i n d i c a t e  t h a t  
r e s t i n g  cells  of H, e u t r  are unable  t o  u t i l i z e  con- 
w -  
c e n t s a t e d  s p e n t  medium as a s u b s t r a t e ,  I f  concen t r a t ed  
s p e n t  medium w e r e  a s u i t a b l e  s u b s t r a t e  f o r  these cells 
t h e  d a t a  i n  TabXes 3 and 4 would show i n c r e a s i n g  amounts 
of oxygen consumed and carbon d iox ide  produced wh i l e  t h e  
r e s p e c t i v e  endogenons r e s p i r a t i o n s  would remain s m a l l ,  
Manometric experiments  w i t h  concen t r a t ed  s p e n t  nedium 
were expec ted  t o  show a l a r g e  d i f f e r e n c e  between t h e  
r e g r e s s i o n  l i n e s  fo r  b lank  and treated cells,  It was shown 
p r e v i o u s l y  (Table 2 )  t h a t  minera.l. sa l ts  medium and ccmcen- 
t r a k e d  mine ra l  salts medium e x h i b i t e d  a d i f f e r e n c e  (bl-b2) 
between t h e i r  r e s r e c t i v e  blank samples and treated samples 
saned t h a t  concen t r a t ed  s p e n t  medium, having 
residual minera l  sa l t s  p l u s  any e x t r a c e l l u l a r  p roduc t s  from 
the  organism, would show even g r e a t e r  d i f f e r e n c e s  between 
blank and treated cells t h a n  d i d  concen t r a t ed  mine ra l  sa l t s  
medium, 
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However, F igu re  6 shows very  l i t t l e  d i f f e r e n c e  between 
t h e  r e g r e s s i o n  l i n e s  fo r  blank cells and treated cells. 
The t test i n  Table 2 i n d i c a t e s  t h a t  t h e  t w o  r e g r e s s i o n  
c o e f f i c i e n t s  are n o t  s t a t i s t i c a l l y  d i f f e r e n t  a t  t h e  0,Ol 
l e v e l  of p r o b a b i l i t y ,  F igu re  6 r e v e a l s  t h a t  l i n e s  1 and 2 
_. 
are p a r a l l e l ,  T h i s  would i n d i c a t e  t h a t  concen t r a t ed  s p e n t  
medium had no adverse  affect  on t h e  a b i l i t y  of r e s t i n g  
cells of .sl €I, 
mixture  e 
a t o  u t i l i z e  t h e  hgdrogen-oxygen gas  
C e l l s  o f  H, eut ropha  have p r e v i o u s l y  been shown t o  
a -  
produce e x t r a c e l l u l a r  p roduc t s  (Brown, Ccrok, and T i sche r ;  
1 9 6 4 ) .  Thus, it is  p o s t u l a t e d  t h a t  o r g a n i c  compounds which 
were i n c r e a s e d  as a r e s u l t  o f  concen t r a t ion ,  enhanced t h e  
uptake of oxygen from t h e  hydrogen-oxygen gas  mixture ,  
T h i s  enhancement i n  oxygen consumption is  reflected i n  t h e  
t o t a l  volume of t h e  gas  mixture  consumed by cells g iven  con- 
c e n t r a t e d  s p e n t  medium, T h i s  r e s u l t s  i n  a l a r g e r  r e g r e s s i o n  
c o e f f i c i e n t  fo r  the treated cells, t h u s  a smaller v a l u e  f o r  
I t  was decided t o  f u r t h e r  s tudy  t h e  effects of concen- 
t ra ted s p e n t  medium s i n c e  it would i n c o r p o r a t e  any e f f e c t s  
due t o  s p e n t  medium a lone ,  Samples w e r e  d i s t i l l e d  a t  pH 
5, 7 #  and 9 ,  Two f r a c t i o n s ,  termed t h e  d i s t i l l a t e  and t h e  
r e s i d u e  w e r e  collected p e r  sample, The r e s u l t s  of expesi-  
ments w i t h  t he  f r a c t i o n s  w i l l  be d i s c u s s e d  la ter  i n  t h i s  
33  
manuscript, 
The present study deals with the pH of concentrated 
spent medium and its effect on the ability of M, eutropha 
to utilize the hydrogen-oxygen gas mixture, Cell suspen- 
z P.n-=L-m 
sions of the organism were exposed to samples of concen- 
trated spent medium at pH 5 ,  7, and 9. Manometric techni- 
ques were employed to measure gas consumption, The results 
from these experiments are shown in Figure 7. 
The regression lines are grouped into two pairs of 
lines: 1. and 3; and 2 and 4 ,  The large differences 
between %he pairs of lines were not tested for significance 
whereas the differences between regression coefficients 
within a pa i r  were examined by the t test, 
a_ 
The data in Figure 7 indicate that concentrated spent 
medium at pH 5 and 9 adversely affects the organism's 
ability to utilize the hydrogen-oxygen gas mixture, The 
blank samplesl ~ ~ p r e s e ~ ~ ~ d  by line No, I, exhibit a regres- 
sion c o ~ ~ ~ ~ ~ i g n t  of 6,06 as compared to 3,67 for the pH 
5 sample (line No, 2) and 3,51 for the pH 9 sample (line No, 
4 ) *  The regression coefficients of line 2 and line 4 
appeared to be very close, The Dm t test (Table 5, row l) 
shows that t h e  difference in regression coefficients of 
th-ese two lines is statistically significant at the 0,05 
level of probability, The adverse effects of exposing the 
organism to very acidic and to very basic media will be 
expl.ored in l a t e r  discussions ..) 
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A comparison of r e g r e s s i o n  l i n e s  fo r  b lanks  and cells  
treated wi th  concen t r a t ed  s p e n t  medium a t  pH 7 shows t h a t  
t h e  rates of gas consumption are similar,  However, t h e  t 
tes t  of Table 5 reveals t h a t  t h e  r e g r e s s i o n  c o e f f i c i e n t  for  
treated cells is  s t a t i s t i c a l l y  larger t h a n  f o r  blank cells  
a t  t h e  0,Ol level of p r o b a b i l i t y ,  
- 
The pH of concen t r a t ed  s p e n t  medium, pr ior  t o  a d j u s t -  
ment, was found t o  be 6,0, As t h e  pH w a s  i nc reased  t o  7,0, 
ammonia was liberated and could  be detected by odor, A t  pH 
9 ammonia w a s  liberated and a p r e c i p i t a t e  w a s  formed, The 
a d d i t i o n  of acid n e i t h e r  caused t h e  formation of a p r e c i -  
p i t a t e  nor  allowed t h e  l i b e r a t i o n  of ammonia, 
I t  seemed l i k e l y  t h a t  t he  p r e c i p i t a t e s  were formed 
from minera l  s a l t s  p r e s e n t  i n  t h e  medium, Therefore, 
samples of concen t r a t ed  minera l  s a l t s  medium w e r e  a d j u s t e d  
t o  pH 5 ,  7 ,  and 9 ,  Both t h e  l i b e r a t i o n  of ammonia and t h e  
fo -ma t ion  of a p r e c i p i t a t e  occurred  as t h e  pH w a s  i nc reased ,  
Stock s o l u t i o n  C, con ta in ing  ammonium chloride,  w a s  thought  
t o  be t h e  source  of t h e  ammonia. Indeed, t h i s  w a s  t h e  case 
for when t h e  pH of s t o c k  s o l u t i o n  C ( d i l u t e d  t o  approximate 
t h e  c o n c e n t r a t i o n s  found i n  the  concen t r a t ed  medium) w a s  
i n c r e a s e d  ammonia gas w a s  detected, Thus, t h e  e v o l u t i o n  of 
a m n i a  gas can be a t t r i b u t e d  t o  t h e  release of ammonia 
from amonium i o n s  p r e s e n t  i n  stock s o l u t i o n  C. 
T o  f u r t h e r  e v a l u a t e  t h e  effects of pH, experiments  
were conducted w i t h  samples of concen t r a t ed  mineral. s a l t s  
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medium at pH 5, 7 ,  and 9, The results are shown in Figure 
8 ,  The regression lines are seen to group according to 
the following pattern: lines 1 and 3; lines 2 and 4, The 
difference between pairs of lines was much less in Figure 
8,  Moreoverd. the regression coefficients of lines 1 and 3 
are seen to be statistically different at the 0,Ol level of 
probability (Table 5, row 21, In addition, the difference 
in regression coefficients for pH 5 (line No, 2) and pH 9 
(line No, 4) samples are found to be statistically non- 
significant at the 0.05 level of probability. 
A characteristic pattern can be seen in the data in 
Figures 7 and 8 ,  The regression coefficients for blanks 
were statistically different from all other treatments in 
both experiments, The regression lines for pH 5 and pH 9 
treatments were not statistically different at the 0,Ol 
level. of probability in either experiment, 
The reduced gas consumption by resting cells of - H, 
were exposed to concentrated spent medium or con- 
centrated mineral salts medium at pH 5 or pH 9 may be 
explained in terms of phosphorous, an element required by 
all microorganisms, At alkaline conditions the common 
PO4 ion forms an insoluble complex with calcium, As the 
PH decreases phosphorous takes the form of the HP04 
- 
- ion 
(pKa = 6,23 x lo-*) and the H2P04- ion (pXa = 2,2 x 10 -I3) s 
Normally, slightly acid to neutral conditions provide a 
mixture of these two ions, The concentration of each ion 
will depend upon the desired pH of the medium, 
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At very aci-d pH's phosphate forms complexes with other 
elementsc Thus, it seems that the species of phosphate 
ion present depends upon the pH of the medium, Further- 
more, phosphates are available within a very narrow pH 
range 
The reduction in gas consumption may also be explain- 
ed by the fact that the enzyme systems are adversely 
affected by either alkaline or acidic conditions, In high 
concentrations of salt, enzymes may be precipitated. In 
addition the net charge on the enzyme molecule may be 
changed, due to salt adsorption by the protein ions, which 
may modify the enzyme activity. 
Studies with Fractions 
This part of the investigation was undertaken in an 
attempt to further explain the effects of concentrated 
spent medium on resting cells of - H, 
fractions were prepared at the pH indicated, but were 
adjusted to pH 7,O to remove any pH effect, 
These 
Figure 9 shows the results of manometric experiments 
with the pH 5 distillate and pH 5 residue, It is readily 
seen that the residue seriously impaired the organism's 
ability to utilize the hydrogen-oxygen gas mixture, When 
compared with blank samples the residue effected a 50% 
reduction in gas consumption, The residue was yellow in 
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calor and contained a heavy precipitate probably of 
inorganic mineral salts which seemed to be responsible for 
the reduction in growth, 
This reduction in growth was anticipated since the 
amount of material present in the residue was greatly 
increased by the concentration procedures, 
The distillate on the other hand, seemed to enhance 
the gas consumption of the resting cell suspension as may 
be seen  in Figure 9 ,  This distillate essentially contain- 
ed distilled water and perhaps a few volatile organic 
acids 
The regression coefficients of lines 1 and 2 were 
analyzed for difference by the _n t test (Table 6), The 
blank cells exhibited a regression coefficient of 5,55 as 
compared with 6,18 for distillate treated cells, These 
results indicate that the regression coefficients are 
statistically different between cells treated with the 
distillate and blank cells at the 0,Ol level of probability, 
The data in Figure PO show the effects of p H  7 
fractions on resting cells of P 
The p H  7 fractions were similar in appearance to the pH 5 
fractions, - -  ioerag the distillate was light yellow in calor 
and the residue was a darker yellow with a heavy precipi- 
tate, The appearance sf this yellow calor was also noted 
by Cook (1966) however the compound or compounds were 
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never identified, 
Again the residue seemed to prevent the normal 
uptake of the hydrogen-oxygen gas mixture by the organisma 
The total gas consumption of cells treated with the resi- 
due was approximately 50% less than that for the blank. 
These data seem to substantiate the results obtained with 
the pH 5 fractions in that the neutral distillation 
apparently contained distilled water and a few volatile 
neutral compounds. Also, if any neutral compounds were 
present in the neutral distillate they had no ill effect 
on the system, 
Gas consumption by cells treated with the pH 7 
distillate was approximately equal to that of the blank 
cells, Table 6 reveals that statistically there is no 
significant difference between the regressions of lines 
1 and 2 of Figure 10, In addition, Figure 10 reveals that 
lines 1 and 2 are parallel which indicates that the dis- 
tillate had no adverse effect on the organism's ability 
to utilize the hydrogen-oxygen gas mixture, 
The pH 9 fractions gave results similar to the pH 7 
fractions, The distillate, being light yellow in color, 
did not alter the cell's ability to utilize the hydrogen- 
oxygen gas mixture, 
in Table 6, which shows no significant difference between 
This is substantiated by the - t test 
the regression coefficients of lines 1 and 2, and by the 
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data in Figure 11, These data show that lines 1 and 2 
are parallel, The residue, which was dark yellow in 
color and possessed a precipitate, caused a 50% reduction 
in gas consumption by the resting cells of - H.
Studies with Fractions 
of Conce edium 
The residues for each fraction contained large 
amounts of precipitated salts, It was suspected that this 
high salt content could account fox the adverse effect of 
the residues rather than the presence of unknown compounds. 
It was in response to this query that resting cells of H, - 
were treated with fractions of concentrated 
mineral salts medium prepared at pH 5, 7 #  and 9, 
The pH 5 fractions lacked the yellow color found in 
the same fractions of concentrated spent medium, As 
expected, the residue exhibited a very heavy precipitate, 
The data in Figure 12 show that the residue reduced 
the total gas consumption by about 30%, In addition, it 
is noted that distillate treated cells increased the 
amount of gas mixture consumed, Table 6 shows that the 
regression coefficient of line 2 is statistically larger 
at the 0,Ol level of probability than line 1, 
The results, which are identical to the results 
illustrated in Figure 9 ,  indicate that the loss of activity 
by the residue-treated cells is due solely to an increased 
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s a l t  concen t r a t ion ,  The inc reased  a c t i v i t y  of cells 
treated w i t h  t h e  d i s t i l l a t e  is  probably due t o  a decrease 
i n  t h e  s a l t  concen t r a t ion ,  
S ince  t h e  concen t r a t ed  minera l  sa l t s  medium conta ined  
no o r g a n i c  compounds, t h e  d i s t i l l a t e  prepared  f r o m  it would 
c o n t a i n  on ly  d i s t i l l e d  water, 
These r e s u l t s  are s imi la r  t o  t h e  r e s u l t s  ob ta ined  
w i t h  f r a c t i o n s  of concent ra ted  s p e n t  medium a t  pH 5 i n  
which the  d i s t i l l a t e  enhanced gas  consumption. 
pM 7 F r a c t i o n s  
F igu re  313 shows t h e  r e s u l t s  of pH 7 f r a c t i o n s  on t h e  
a b i l i t y  of r e s t i n g  cel l  suspensions of - H ,  t o  
u t i l i z e  t h e  hydrogen-oxygen gas  mixtures .  Gas consumption 
by dis t i l la te- t reated cells ( l i n e  2 )  w a s  comparable t o  t h e  
b lank  cells  ( l i n e  I), These l i n e s  are observed t o  be 
p a r a l l e l ,  The d i f f e r e n c e  i n  r e g r e s s i o n  c o e f f i c i e n  
these t w o  l i n e s  w a s  non- s ign i f i can t  as seen i n  Table 6 ,  
Residue-treated cells  revealed a 4 4 %  r educ t ion  i n  gas con- 
sumption which appears  t o  be due t o  t h e  high s a l t  c o n t e n t ,  
The pH 7 d i s t i d l a t e  of concent ra ted  minera l  salts 
medium which conta ined  only  d i s t i l l e d  water w a s  comparable 
i n  effect  to t h e  corresponding f r a c t i o n  of concen t r a t ed  
s p e n t  medium, T h i s  seems t o  s u b s t a n t i a t e  t h e  assumption 
t h a t  neut ra l .  d i s t i l l a t e s  of concen t r a t ed  s p e n t  medium con- 
t a i n  mainly d i s t i l l e d  water, 
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pH 9 Fractions 
The pH 9 fractions affected resting cell activity in 
much the same manner as the pH 5 fractions, These results 
are shown in Figure 14, It may be observed that the 
characteristic reduction in gas consumption is present when 
resting cells are given pH 9 residue, However, the dis- 
tillate, which consisted of distilled waterp increased the 
gas consumption of the organismo The difference between 
regression coefficients for line 1 and line 2 is seen to 
be statistically significant at the 0,Ol level of probabi- 
lity (Table 6). The pH 9 distillate of concentrated spent 
mediumo on the other hand, reduced gas consumption by the 
organism, This indicates that some volatile alkaline com- 
pounds were present in this fraction and that these com- 
pounds were harmful to resting cells of H. e - 
The results of studies with concentrated spent 
medium and concentrated mineral salts medium strongly 
suggest that the loss of ability to utilize the hydrogen- 
oxygen gas mixture with residue-treated cells is due to the 
increase in mineral salts, 
The distillates seem to exert no inhibitory effects 
on the normal uptake of hydrogen-oxygen gas mixtures by 
cel-1s of M, In fact, they seem to stimulate the 
uptake of the gas mixture, 
cr.7 
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The E f f e c t s  of S a l t  Concentrat ion 
The e f f e c t s  of high s a l t  concen t r a t ion  on t h e  a b i l i t y  
...I -"---- 
of r e s t i n g  cells of H, eutropha t o  u t i l i z e  a hydrogen- 
o w  ~ -- 
oxygen gas mixt  re w e r e  studied, The usual manametric tech- 
niques were employed f o r  t h i s  inves 
The salt conten of samples used in t h e  research pro- 
ject m s  d e t ~ r ~ i ~ e ~  by ~ v ~ p o ~ ~ ~ ~ ~ ~  tri licate samples t o  
dryness, .  The r e s u l t s  are ~~~~~d~~ i n  Table 7 ,  I t  i s  
observed f r o m  t h i s  t a b l e  t h a t  the diseillates are very l o w  
es, however$18 con- 
t a i n  sever3 ~ ~ ~ d r e ~  t i m e s  more s a l t  t h a n  t h e  r e s p e c t i v e  
d i s t i l l a t e s  
I t  i s  i n t e r e s t i n g  t o  no te  t h a t  ~ o ~ ~ ~ ~ t ~ a ~ ~ ~  s p e n t  
medium (C,S,M,) contains about  30% m o r  
%rated miner 1 sa l t s  ~ e ~ i ~ m  (CoSMpMo)y b u t  the d i s t i l l a t e s  
of C,S,M, ,  are lower in salts t han  t h e  distillates o f  C , M , M ,  
so compares t h e  s a l t  c o n t e n t  of t h e  samples 
used i n  t h i s  project with  the '@Q" values f o r  blanks and 
tests ob%ained from W a ~ b ~ ~ ~  experiments , It can be seen 
t h a t  a s u b s t a n t i a l  i n c r e a s e  i n  t h e  s a l %  ~ o ~ ~ e n t r a t ~ ~ ~  i s  
accompanied by a drop in t h e  "Q'' term f o r  treated cells, 
e f f e c t s  of increased. salt c ~ n ~ e ~ e ~ ~ t i ~ n s  on r e s t i n g  cells  
of H, ha, The Warburg flasks conkaiazed 0,,6 ml of s i x  -c_1 
salt. solutions, T h e  exp rirnents were conducted 
60 mfn per iod  after which t h e  t o t a l  volume of gas 
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shows the results-of these experiments, 
Examination of Figure 15 reveals that gas consumption 
drops very rapidly as the salt content of the reaction 
vessels exceeds 130 mg/ml, Above 200 mg/ml salt, the 
decrease in gas consumption appears to be linear, 
This gives conclusive evidence that increased salt 
concentrations cause a reduction in the volume of gas mix- 
t u r e  consumed by resting cells of -- 
thus a loss in the organism's ability to utilize the 
hydrogen-oxygen gas mixture, 
SUMMARY 
Rest ing  ce l l  suspensions w e r e  s u b j e c t e d  t o  v a r i o u s  
forms of s p e n t  medium and uninocu1a.ted minera l  s a l t s  medium 
under an atmosphere of hydrogen, oxygenp and carbon d iox ide  
t o  determine t h e i r  effects on t h e  u t i l i z a t i o n  of a hydrogen- 
oxygen gas  mixture ,  
P re l imina ry  experiments w e r e  carried o u t  w i t h  normal 
mfnera l  sa l t s  medium, concen t r a t ed  minera l  sa l t s  medium, 
s p e n t  medium, and concen t r a t ed  s p e n t  medium, Blank cells ,  
when analyzed by the  t test ,  w e r e  found t o  be more active 
than  cells treated w i t h  normal minera l  sa l ts  medium, concen- 
t ra ted  mine ra l  sa l t s  medium, or s p e n t  medium. Concentrated 
s p e n t  medium appears  t o  have no e f f e c t  on t h e  amount of gas 
mixture  consumed by t h e  organism, 
- 
S t u d i e s  on t h e  i n h i b i t i o n  of gas consumption wi th  con- 
c e n t r a t e d  s p e n t  medium w e r e  undertaken t o  determine any 
t o x i c  effects of H, I t  w a s  found t h a t  concen- 
t r a t ed  s p e n t  medium w a s  non-toxic t o  r e s t i n g  cel ls  of H, 




were unable  t o  u t i l i z e  concen t r a t ed  s p e n t  medium as a sub- 
s t ra te  under an atmosphere o f  a i r ,  
Other  ce l l  suspensions w e r e  treated w i t h  concent ra ted  
minera l  salts  medium and concen t r a t ed  s p e n t  medium a t  pH S 1  
7 ,  and 9.  I t  w a s  observed t h a t  pH has  a d e f i n i t e  effect  on 
t h e  uptake of a hydrogen-oxygen gas  mixture  by - XI,  
Concentrated s p e n t  medium a t  pH 7,O did  n o t  s i g n i f i c a n t l y  
i n c r e a s e  t h e  amount of gas  consumed, A t  pH 5 and 9 t h e  
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t o t a l  amount of gas mixture  consumed was reduced almost 409<? 
It was also noted  t h a t  concent ra ted  s p e n t  m e d i u m  a t  p H  7 
gave off ammonia gas. A t  pM 9 ammonia gas w a s  l i b e r a t e d  
followed by t h e  formation of a p r e c i p i t a t e ,  S i m i l a r  r e s u l t s  
w e y e  obtained when concen t r a t ed  minera l  s a l t s  medium was 
used i n s t e a d  of concen t r a t ed  s p e n t  medium. Therefore, it 
was surmized t h a t  very  acid and very basic pH's w e r e  d e t r i -  
mental  t o  t h e  normal uptake of hydsogen-oxygen gas  mixtures  
by r e s t i n g  cells  of H. e u t r o e  because of t h e  a v a i l a h i l i t y  
of phosphate i o n s  t o  t h e  organism, 
- -  
F r a c t i o n a t i o n  of concen t r a t ed  s p e n t  medium a t  pH 5, 7 ,  
and 9 y i e l d e d  a d i s t i l l a t e  and a r e s i d u e ,  Res t ing  cells  of 
t h e  organism w e r e  treated w i t h  these samples and t h e i r  
effects on g a s  consumption w e r e  observed. Cells which were 
treated w i t h  the  d i s t i l l a t e s  s u f f e r e d  no i l l - e f f e c t s ,  Ce1.J.s 
which w e r e  subjected t o  t h e  pH 5 d i s t i l l a t e s  w e r e  s i g n i f i -  
cent1.y S i f f e r e n t  from t h e  b l a n k  samples a t  t h e  0,Ol level 
of prshah i l . i t y ,  The r e s i d u e  treated cells showed a marked 
loss of a c t i v i t y .  
These r e s u l t s  w e r e  also observed when r e s t i n g  cells 
were treated w i t h  f r a c t i o n s  of concent ra ted  minera l  sa l t s  
medium, The loss i n  a c t i v i t y  accompanying r e s i d u e  treat- 
ment was f e l t  t o  be due t o  t h e  i n c r e a s e d  s a l t  concen t r a t ion ,  
A comparison of s a l t  c o n c e n t r a t i o n  and "Q" valaxes was 
made, The amount of gas mixture  consumed appeared to be 
inversely proport ional .  t o  the s a l t  concen t r a t ion .  In every 
instance where t h e  s a l t  c o n t e n t  w a s  ve ry  h igh ,  t h e  "Q" value 
46 
was small, Final proof that increased salt concentrations 
interfered with the oxy-hydrogen reaction of H, 
was obtained from ','I- - 9 , ;  F r - ~ : * y ~ t ~ u - i y r r e n t ~  in which resting 
__D 
cell suspensions were given increasing amounts of salts in 
solution, The results show dramatically that increased 
amounts of inorganic s a l t s  are accompanied by a reduction 
in gas consumption, 
ABSTRACT 
W i l l i a m  Scot t  Moody, Master of Sc ience ,  1970 
Major: Microbiology, Department of Microbiology 
M i s s i s s i p p i  State Unive r s i ty  
T i t a l  of Thes is :  "Some of the  E f f e c t s  of 
Concentrated Spent  Medium on t h e  A c t i v i t y  - 
of Res t ing  C e l l s  of 
II 
Directed by: D r ,  Robert George Tischer  
Pages i n  T h e s i s :  75 
Words i n  Abstract: 203  
Abstract  
Experiments w e r e  performed t o  determine some of t h e  
effects of concen t r a t ed  s p e n t  medium on t h e  a b i l i t y  of 
r e s t i n g  cells  of Hydrogenomonas - eut ropha  s t o  u t i l i z e  a 
hydrogen-oxygen gas mixture ,  
Pre l iminary  experiments  showed t h a t  normal mine ra l  
s a l t s  medium, concen t r a t ed  m i n e r a l  s a l t s  mediumo and s p e n t  
medium reduced t h e  a b i l i t y  of r e s t i n g  cells  of - H, 
t o  u t i l i z e  a hydrogen-oxygen gas  mixture ,  Concentrated 
s p e n t  medium appeared t o  have no effect  on t h e  gas  con- 
sumption by the organism, 
Concentrated s p e n t  medium w a s  found t o  be non-toxic t o  
cells  of H, I t  w a s  also discovered t h a t  these 
cells w e r e  unable  t o  u t i l i z e  concen t r a t ed  s p e n t  medium as 
a s u b s t r a t e ,  
- 
O t h e r  experiments  showed t h a t  r e s t i n g  cells  w e r e  
a f f e c t e d  by a change i n  pH, A t  pH 7.0 gas consumption w a s  
4 8  
i n c r e a s e d  wh i l e  a t  pH 5,O and 9 . 0 ,  t h e  to ta l  amount of gas 
consumed w a s  reduced by about  40%.  I t  w a s  assumed t h a t  the  
a v a i l a b i l i t y  of phosphate i o n  t o  the organism was 
r e s p o n s i b l e  for the  i n t e r f e r e n c e  of normal gas consumption, 
S tudies  w i t h  f r a c t i o n s  of concen t r a t ed  s p e n t  medium 
i n d i c a t e d  t h a t  an increase i n  minera l  s a l t  c o n c e n t r a t i o n  
r e s u l t e d  i n  a r e d u c t i o n  of gas consumption, 
A comparison of s a l t  concent . ra t ion and "Q" values 
showed t h a t  as t h e  s a l t  concen t r a t ion  inc reased ,  gas con- 
sumption decreased. 
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Figure 1. Culture  vessel f o r  t h e  growth of 
Hydrogenomonas eutropha. 
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Figure 2 Standard curve for the determination of 






(1) Blank Y = 8.29 + 7.41X 
(2) Normal mineral 9alts 
medium added Y = 17.71+ 6.72X 
1 I d 
20 40 60 
Time in Minutes 
Figure 3 .  The effects of normal mineral salts medium 
on the gas consumption by resting cells of 
Hydrogenomonas eutropha. 
'Unless otherwise stated the pl Gas Mixture Consumed 
refers to the amount of hydrogen-oxygen gas consumed 
from a mixture containing 80.0% nitrogen, 13.3% hydrogen, 





(1) Blank J? = 10.53 + 6.30X 
(2) Concentrated mineral salts 
f = 12.58 + 5.68X medium 
. 
20 40 
Time in Minutes 
60 
Figure 4. Gas consumption by resting cells of Hydrogeno- 
monas eutropha as affected by concentrated 








(1) Blank Y = -0.567 + 4.97X 
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Time i n  Minutes 
F igu re  5 .  The e f f e c t s  of spent medium on the gas con- 























(1) Blank Y = 11.91 + 6.41X 2) A 
(2) Concentraced spent medium 
added Y = 11.60 + 6.40X 
8 
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Time in Minutes 
'Figure 6. The effects of concentrated spent medium on the 
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Figure 7. A comparison of t he  gas consumption by r e s t i n g  
c e l l s  of Hydrovenomonas eutropha as af fec ted  

















(1) Blank Y = 10.59 + 7.23X 
A 
(2) pH = 5 
(3) pH = 7 
(4) pH = 9 
Y = 17.23 + 6.01X 
Y = 16.73 -I- 6.46X 
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Figure 8 .  A comparison of the gas consumption of resting 
cells of Hydropenomonas eutropha as affected 






(1) Blank Y = 5.01 + 5.43X 
(2) Distillate Y = 7.49 + 6.18X 
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Figure 9. Gas consumption byresting cells of 
Hydrogenomonas eutropha as affected by the 



















(1) Blank Y = 12.52 + 6.96X 
(2) Distillate 
(3) Residue Y = 9.15 + 3.62X 
9 = 14.21 + 7.02X 
h 
40 
Time in Minutes 
v 
60 
Figure 10. Gas consumptionby. resting cells of Hydro- 
genomonas eutropha as affected by the pH 7 









(1) Blank Y = 5.09 + 6.04X 
(2) Dist i l la te  
(3) Residue Y = -4.03 f 3.10X 
Y = -0.31 + 6.09X 
A 
T i m e  i n  Minutes, 
Figure 11. Gas Consumptionby r e s t i n g  c e l l s  of 
Hydrogenomonas eutropha as a f f ec t ed  by :the pH 9 






(1) Blank P = 10.20 + 6.22X 
(2) Distillate Y = 9.07 + 6.91X 
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Figure 12. Gas consumption by resting cells of Hydropeno- - monas eutropha as affected by the pH 5 fractions 


















(1) Blank Y = 14.17 + 8.28X 
(2) Distillate Y = 19.04 + 8.26X 
(3) Residue Y = 12.55 + 4.55X 
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Figure 13. Gas consumption by resting cells of 
Hydroaenomonas eutropha as affected by the 






(1) Blank Y = 7 . 4 2  + 7.19X 
( 2 )  Distillate Y = 7.15 4- 7.62X 
( 3 )  Residue Y = 6 .18  + 4.58X 
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Figure 14. Gas consumption by r e s t i n g  cel ls  of 
Hydroaenomonas eutropha as a f f ec t ed  by 
the pH 9 f r a c t i o n s  of concentrated 
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Figure 15. Gas consumption bv resting c e l l s  of Hydrogenomonas 
eutropha as affected by s a l t  concentration. 
6 5  
T a b l e  1, The dry weight of cell suspensions of 
eutropha at various -- i E K V  
O , D *  5i g m / m l  
0 , 2 4 0  
0 , 3 1 9  
0 400 
0 e 500 




0 0 1 2 0 0  




0 , 1 5 2 0  





0 , 2 7 2 6  
0.0894 
0 e 1250  
0 1 6 3 5  
0.1925 
0 2510 
*Optical densities were determined at 655  mu 
using a Bausch and Lomb Spectronic 20 Colorimeter, 
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Table 2, Student's t test for difference between 
regressionE' of four test materials , 
Regression 
Sample Coefficient Difference Calculated 
t value Blank Treatment bl-b22 - 
1, Normal Mineral 
Salts Medium 7.41 6.72 0,69 8 . 767** 
2. Concentrated 
Mineral Salts 
Medium 6,30 5,68 0,62 10.065** 
3, Spent Medium 4.97 4,56 0.41 1 8 * 3 a 6 * *  
4, Concentrated 
Spent Medium 6.41 6.40 0,Ol 0,114 ns3 
It -I is distributed as Student's I t with nl-2+n2-2 = 8 degrees 
of freedom 
t05 - 2,306 
01 8 df 3.355 
2The value for blob2 used in this project was selected to be 
a positive number. If "treatment' regression coefficient 
is larger than "blank," then "treatment" is taken as bl. 
3ns = non-significant 
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Table 3 ,  The effects of concen t r a t ed  s p e n t  medium on oxygen - -  
on by r e s t i n g  cells  of  
i n  an a i r  atmosphere, 
- 
Time i n  I Endogenous D Medium Added : 






























-0 0 10 
-1,12 
-l050 
-2 0 10 
-1,30 
-0 0 20 
-1,24 
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Table 4. The effects of concentrated spent  medium on carbon 
dioxide production by r e s t i n g  cells of Hydrogeno- 
monas eu t ropha  kn an a i r  atmosphere. -
T i m e  i n  : Endogenous : Medium Added 
Minutes : ( v l  C02 Produced) : ( g l  C02 Produced) : Difference 
0 




































Table 5. The t test for difference between pairs of 
regrzssion lines for two different samples 
at various pH levels. 
Sample : D Coefficient . : bl-b2I : - t value . 
1. Concentrated Blank 












The number bl-b2 is always positive. 
= 2,306 
= 3,355 
t05 8 df 
01 
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Table 6, The t test for difference between regressions 
for Fractions of two different samples. 
: Regression Coefficient : Calculated 
Sample . Blank : Distillate : t value 
Concentrated 
Spent Medium 
pH 5 Fraction 5.43 6.18 26 . 596** 
pH 7 Fraction 7.02 6.96 1.097ns 




pH 5 Fraction 6.22 6.91 12.410** 
pH 7 Fraction 8,28 8.26 0 . 237ns 
pH 9 Fraction 7.19 7.62 5.964** 
t05 8 df = 2.306 
01 = 3,355 
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Table 70 A comparison of salt concentration and gas 
utilization by resting cells of 
eutropha, 
Normal Mineral Salts 
Medium 10019 558 516 
Spent Medium 1,119 367 339 
Concentrated Spent 
Medium 47,858 
pH 5 Distillate 0 231 
pH 5 Residue 118,369 
pH 7 Distilfate 0,062 
pH 7 Residue 128,077 
pH 9 Distillate 0 , 427 
pH 9 Residue 137,258 
Concentrated Normal 
Mineral Salts Medium 33,454 
pH 5 Distillate 0,240 
pH 5 Residue 95,231 
pH 7 Distillate 0,252 
pH 7 Residue 74,615 
pH 9 Distillate 3 , 515 















l''Q'' is a term representing the rate of gas mixture consumed: 
This represents the 111 of hydrogen-oxygen gas consumed in 
an atmosphere of hydrogen, oxygen, and carbon dioxide per 
mg of dry weight tissue per hour, 
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